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(54) STABLE EYE DROP 
(57) Abstract: 

PURPOSE: To obtain a stable eye drop by simultaneously blending sodium 
flavin adenine dinucleotide with cyanocobalamin and packing the blend 
into a specific container. 

CONSTITUTION: 0 . 0 1-0 . 05w/v% sodium flavin adenine dinucleotide is 
blended with 0 . 004-0 . 02w/v% cyanocobalamin and properly medicinal 
components and additives to be added to a common eye drop and prepared 
to give an dye drop. The eye drop is packed into a transparent container 
to screen light rays (yellow range of visible light rays) approximately 
at 450nm wavelength to give the objective substance. The material of 
the eye drop container is polyethylene terephthalate , polyethylene, etc. , 
and the eye drop container having ^50% percent transmission at 450nm 
wavelength and such transparency as to make existence of foreign matters 
observable in content solution is used. 

[Means for Solving the Problems] 
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The present inventors conducted intensive studies on means for 
achieving the above-mentioned object, and as a result, they succeeded 
in obtaining an eye drop simultaneously containing flavin adenine 
dinucleotide sodium and cyanocobalamin, in which the flavin adenine 
dinucleotide sodium and cyanocobalamin are stable by using an eye drop 
container capable of shielding light at a wavelength of about 450 nm 
(a visible yellow range) . Further, this eye drop container keeps a 
transparency sufficient to visually detect the presence or absence of 
foreign substances in the content fluid. That is, cyanocobalamin 
becomes extremely unstable to light in the coexistence of flavin adenine 
dinucleotide sodium, however, by using an eye drop container capable 
of shielding light in a specific wavelength region (about 450 nm) , the 
stability of flavin adenine dinucleotide sodium and cyanocobalamin, 
particularly remarkably, the stability of cyanocobalamin is improved, 
and they are provided as a useful eye drop, which is greatly different 
from the prior art and a major feature of the present invention. A 
material of the eye drop container to be used in the invention is not 
particularly limited, and glass, polyethylene terephthalate, 
polyethylene, polypropylene, polycarbonate, polyvinyl chloride or the 
like is used. Further, a pigment compound to be used for coloring the 
eye drop container for the purpose of shielding light at about 450 nm 
is not particularly limited, and an anthraquinone-based, iron 
oxide-based, perinone-based pigment compound or the like is used. 

The eye drop of the invention contains 0.01 to 0.05 w/v% of flavin 
adenine dinucleotide sodium and 0.004 to 0.02 w/v% of cyanocobalamin, 
and an eye drop container which has a transmittance at a wavelength of 
450 nm of a cutout flat portion of 50% or less and a transparency 
sufficient to visually detect the presence or absence of foreign 
substances in the content fluid is used. 

The thus obtained eye drop can be used as a useful eye drop in 
which the light resistance stability of flavin adenine dinucleotide 
sodium and cyanocobalamin is favorable. 

To the stable eye drop of the invention, a pharmaceutically 
effective component which is frequently added to an eye drop, for example, 
a decongestant component such as naphazoline hydrochloride or 
tetrahydrozoline hydrochloride, an antiinflammatory astringent 
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component such as dipotassium glycyrrhizinate, e-aminocapronic acid or 
berberine chloride, a vitamin such as tocopherol acetate, retinol 
acetate or pyridoxine hydrochloride, or the like, or an additive, for 
example, a buffer salt such as boric acid, borate, sodium hydrogen 
phosphate, citric acid or sodium citrate, a tonicity agent such as 
potassium chloride, sodium chloride or glucose, a preservative such as 
benzalkonium chloride, chlorobutanol or an alkyl paraben, a refreshing 
agent such as menthol, borneol or peppermint oil, or the like can also 
be added. 

Hereinafter Examples will be described for the purpose of 
explaining the present invention in detail, however, the invention is 
not limited to these. Further, as a comparative example, a production 
example of an eye drop using a transparent and colorless container (which 
does not shield light at around 450 nm) is shown. 
Example 1 

20 mg of flavin adenine dinucleotide sodium and 10 mg of 
cyanocobalamin were dissolved in purified water, and 10 mg of methyl 
parahydroxybenzoate and 1 g of boric acid were dissolved therein. Then, 
an appropriate amount of borax was added thereto, whereby the pH of the 
solution was adjusted to 6.0. The total volume of this aqueous solution 
was made up to 100 ml with purified water, and the resulting solution 
was filtered through a membrane filter with a pore size of 0.22 jam. Then, 
the filtrate was filled in an eye drop container (the transmittance at 
a wavelength of 450 nm of a cutout flat portion was 8%) with a capacity 
of 10 ml which was made of polyethylene terephthalate and colored with 
an anthraquinone-based pigment, and a stopper was placed in the container, 
whereby an eye drop was prepared. 
Example 2 

2 0 mg of flavin adenine dinucleotide sodium and 10 mg of 
cyanocobalamin were dissolved in purified water, and 3 mg of naphazoline 
hydrochloride, 10 mg of methyl parahydroxybenzoate and 1 g of boric acid 
were dissolved therein. Then, an appropriate amount of borax was added 
thereto, whereby the pH of the solution was adjusted to 6.0. The total 
volume of this aqueous solution was made up to 100 ml with purified water, 
and the resulting solution was filtered through a membrane filter with 
a pore size of 0.22 nm. Then, the filtrate was filled in an eye drop 
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container (the transmittance at a wavelength of 450 nm of a cutout flat 
portion was 28%) with a capacity of 10 ml which was made of polyethylene 
terephthalate and colored with an iron oxide-based pigment, and a stopper 
was placed in the container, whereby an eye drop was prepared. 
Example 3 

20 mg of flavin adenine dinucleotide sodium and 10 mg of 
cyanocobalamin were dissolved in purified water, and 100 mg of pyridoxine 
hydrochloride, 10 mg of methyl parahydroxybenzoate and 1 g of boric acid 
were dissolved therein. Then, an appropriate amount of borax was added 
thereto, whereby the pH of the solution was adjusted to 6.0. The total 
volume of this aqueous solution was made up to 100 ml with purified water, 
and the resulting solution was filtered through a membrane filter with 
a pore size of 0.22 urn. Then, the filtrate was filled in an eye drop 
container (the transmittance at a wavelength of 450 nm of a cutout flat 
portion was 22%) with a capacity of 10 ml which was made of polyethylene 
terephthalate and colored with a perinone-based pigment, and a stopper 
was placed in the container, whereby an eye drop was prepared. 
Comparative example 

20 mg of flavin adenine dinucleotide sodium and 10 mg of 
cyanocobalamin were dissolved in purified water, and 10 mg of methyl 
parahydroxybenzoate and 1 g of boric acid were dissolved therein. Then, 
an appropriate amount of borax was added thereto, whereby the pH of the 
solution was adjusted to 6.0. The total volume of this aqueous solution 
was made up to 100 ml with purified water, and the resulting solution 
was filtered through a membrane filter with a pore size of 0 . 22 urn. Then, 
the filtrate was filled in an eye drop container (the transmittance at 
a wavelength of 450 nm of a cutout flat portion was 86%) with a capacity 
of 10 ml which was colorless and made of polyethylene terephthalate, 
and a stopper was placed in the container, whereby an eye drop was 
prepared . 
[Operation] 

The eye drops of the respective Examples and Comparative example 
were stored under a sunlight lamp (2500 Ix) , and flavin adenine 
dinucleotide sodium and cyanocobalamin were quantitatively determined 
over time, and the residual ratios thereof were obtained. Further, the 
same test over time under a white fluorescent lamp (500 Ix) was carried 
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out for 8 hours per day as a general room condition. The results are 
shown in Tables 1 to 4 . Incidentally, the quantitative determination 
was carried out for flavin adenine dinucleotide sodium by reversed-phase 
partition high performance liquid chromatography and for cyanocobalamin 
by absorptiometry (550 nm) . 



Table 1: Quantitative determination of flavin adenine dinucleotide sodium 
[Under sunlight lamp] 



Example 


Immediately after 
production 


After 1 week 


After 2 weeks 


1 


100.0 


99. 3 


98.2 


2 


100. 0 


97.0 


93. 6 


3 


100.0 


97 . 9 


95.0 


Comparative 
example 


100.0 


71.3 


44.2 



(Unit: residual ratio %) 



Table 2: Quantitative determination of flavin adenine dinucleotide sodium 
[Under white fluorescent lamp] 



Example 


Immediately after 
production 


After 3 months 


After 6 months 


1 


100.0 


100. 3 


99. 6 


2 


100.0 


97 . 5 


95.8 


3 


100.0 


98 . 6 


96.0 


Comparative 
example 


100.0 


82 . 7 


58 .3 



(Unit: residual ratio %) 



Table 3: Quantitative determination of cyanocobalamin 
[Under sunlight lamp] 



Example 


Immediately after 
production 


After 1 week 


After 2 weeks 


1 


100.0 


99.0 


97.5 


2 


100.0 


96. 1 


90. 1 


3 


100.0 


96. 8 


91 . 4 


Comparative 
example 


100.0 


53.7 


10. 9 



(Unit: residual ratio %) 



5 



Table 4 : Quantitative determination of cyanocobalamin 
[Under white fluorescent lamp] 



Example 


Immediately after 
production 


After 3 months 


After 6 months 


1 


100.0 


99. 5 


99. 0 


2 


100.0 


97. 1 


93.8 


3 


100.0 


97 .7 


94 . 6 


Comparative 
example 


100.0 


52. 9 


29.7 



(Unit: residual ratio %) 



As is apparent from each table, while in Comparative example, 
the residual ratios of flavin adenine dinucleotide sodium and 
cyanocobalamin significantly decreased over time, in Examples, which 
are eye drops of the present invention, both compounds were stable. 
[Advantage of the Invention] 

The present invention is directed to an eye drop in which an eye 
drop solution simultaneously containing flavin adenine dinucleotide 
sodium and cyanocobalamin is filled in a transparent eye drop container 
which shields light at a wavelength of about 450 nm, in which both flavin 
adenine dinucleotide sodium and cyanocobalamin are stabilized, and is 
extremely useful as an eye drop. 
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